Abstract. The aim of the present study was to determine the optimal time for concurrent thoracic radiotherapy (TRT) with etoposide and cisplatin̸carboplatin (EP̸EC) chemotherapy for the treatment of limited-disease small-cell lung cancer (LD SCLC). Randomized controlled trials comparing early and late concurrent TRT with EP̸EC chemotherapy for the treatment of patients with LD SCLC were identified through searching databases such as MEDLINE, the Cochrane Central Register of Controlled Trials and Embase. Early thoracic radiotherapy (ERT) was defined as initiating irradiation within 30 days after chemotherapy initiation. A total of 3 eligible randomized controlled trials were identified. No significant differences in the objective response rate were detected between early and late concurrent TRT [risk ratio (RR)=1.01; 95% confidence interval (CI): 0.86-1.18; P=0.90]. Similar results were observed in the 1-, 2-, 3-and 5-year survival rates between early and late concurrent TRT (RR=1.06, 95% CI: 0.88-1.27, P=0.56; RR=1.15, 95% CI: 0.77-1.71, P=0.49; RR=0.90, 95% CI: 0.66-1.22, P=0.49; and RR=1.18, 95% CI: 0.64-2.16, P=0.60, respectively). The total incidence of grade 3-4 adverse events, including anemia, leukopenia, neutropenia, thrombocytopenia, nausea and vomiting, infection, esophageal toxicity, pulmonary toxicity, alopecia and hemorrhage with early concurrent TRT was significantly higher compared to that with late concurrent TRT (RR=1.21, 95% CI: 1.03-1.43, P=0.02). Thus, the results of our study indicated that the prognosis of LD SCLC treated with late concurrent TRT and EP̸EC chemotherapy is similar to that with early concurrent TRT, although the incidence of grade 3-4 adverse events was lower in LD SCLC patients treated with late concurrent TRT combined with EP̸EC chemotherapy.
Introduction
Lung cancer is one of the most common types of cancer and the most common cause of cancer-related mortality worldwide (1) . The proportion of small-cell lung cancer (SCLC) has decreased from 17.26% in 1986 to 12.95% in 2002 (2) . In 2008, ~32,000 SCLC cases were diagnosed in the United States (3) . SCLC is usually staged according to the Veterans Administration Lung Study Group (VALSG) staging system (4), according to which patients are classified as having limited or extensive disease (LD and ED, respectively). LD is defined as disease confined to one hemithorax, in the absence of a malignant effusion, with disease that may be encompassed in one radiation port. Disease that does not meet these criteria is defined as ED. Despite a modest improvement in survival, the outcome of SCLC remains poor. There are currently no effective targeted agents that have been approved for the treatment of SCLC (5) and chemotherapy is the cornerstone of the treatment for SCLC. In ED SCLC, the most commonly used initial combination chemotherapy regimens are etoposide combined with cisplatin (EP), etoposide combined with carboplatin (EC), irinotecan combined with cisplatin (IP) and irinotecan combined with carboplatin (IC).
Approximately one-third of SCLC patients were diagnosed with LD, which has a median survival time (MST) of 15-20 months (6). The standard clinical practice is to combine chemotherapy and thoracic radiotherapy (TRT) when treating patients with LD SCLC. A previous meta-analysis of 11 randomized trials including patients treated with chemotherapy and TRT, demonstrated an improved 2-year survival of 5.4% and an intrathoracic tumor control rate of 25.3% (7) . EP plus accelerated hyperfractionated thoracic radiotherapy (AHTRT) followed by 3 cycles of IP failed to demonstrate a survival advantage over 4 cycles of EP plus AHTRT, which remains the standard treatment for LD SCLC. An IP regimen cannot be routinely recommended for LD SCLC (8) . EP is superior to cyclophosphamide, epirubicin and vincristine (CEV) in treating LD SCLC patients (9) . Previous studies on cyclophosphamide-based therapy for LD SCLC failed to demonstrate any survival benefit with the addition of TRT (10) (11) . Carboplatin appears to be as effective as cisplatin and the EC regimen was associated with significantly lower toxicity in patients with SCLC (12) . Furthermore, a previous meta-analysis of individual patient data reported no differences in efficacy between cisplatin and carboplatin as first-line treatment for SCLC; however, the incidence of hematological toxicity was higher with carboplatin and that of non-hematological toxicity was higher with cisplatin (13) . In patients with LD SCLC, the most commonly used initial combination chemotherapy regimens are EP and EC. Concurrent TRT with chemotherapy has been considered as the optimal treatment for LD SCLC (14) (15) (16) . However, the optimal initiation time for TRT has not been definitively determined (16) . The limitations regarding early initiation of TRT are the potentially enlarged radiation fields, due to initial planning for bulky tumors, and toxicity. The aim of this meta-analysis was to determine the optimal time for combining TRT with chemotherapy (EP̸EC) for the treatment of LD SCLC patients.
Patients and methods
Research objectives. The primary objective of this study was to compare the effects of early and late concurrent TRT with EP̸EC on overall survival in LD SCLC. Furthermore, we aimed to evaluate early and late TRT with chemotherapy regarding objective response and the incidence of side effects.
Search strategy. The studies were selected from the following databases: MEDLINE (1966 to present), the Cochrane Central Criteria for study selection. Studies eligible for inclusion in this meta-analysis were randomized controlled clinical trials that compared early to late concurrent TRT, fully published in journals and relevant scientific meetings, for which full details were available. The patients were required to have histologically and cytologically confirmed LD SCLC. Radiotherapy was administered concurrently with chemotherapy and the chemotherapeutic regimen was EP̸EC.
Early thoracic radiotherapy (ERT) was defined as initiating irradiation within 30 days after the initiation of chemotherapy (17) . Late thoracic radiotherapy (LRT) was defined as initiating irradiation after 30 days following the initiation of chemotherapy.
Data extraction. The identified randomized clinical trials were assessed to determine whether they met the inclusion criteria by three independent reviewers (Lu HY, Fang L and Wang XJ). The quality of the methods and the key outcomes were evaluated against predetermined criteria. Two reviewers (Lu HY and Fang L) independently extracted data to ensure validity. Discrepancies were resolved by consulting a third reviewer (Cai JF). The following data were collected from the manuscript:patient gender, age, performance status at the time of randomization, chemotherapy regimen, induction treatment that resulted in a complete response, date of radiotherapy initiation, presence of brain or other metastases and locoregional recurrence. (19) . We performed a sensitivity analysis to detect potential heterogeneity; if there was no evidence of heterogeneity, a fixed-effects model was used, whereas if heterogeneity existed, a random-effects model was used.
Results
Study selection. The characteristics of the included randomized controlled trials are summarized in Table I . The study of Park et al (16) was a phase III trial of concurrent TRT with either the first or the third cycle of EP chemotherapy in order to determine the optimal timing of TRT for LD SCLC. The study of Skarlos et al (15) was a phase II randomized comparison of early vs. late hyperfractionated TRT concurrently with EC chemotherapy in LD SCLC. The study of Jeremic et al (20) was a randomized comparison of initial vs. delayed AHTRT concurrently with EP chemotherapy for LD SCLC. Other studies were not eligible for inclusion in this meta-analysis, as the chemotherapeutic regimen was not EP̸EC (21-24) and study 9104 was not considered eligible due to administration of sequential TRT in only half of the patients (14) .
Comparison of early and late concurrent TRT. There were no significant differences in the objective response between early and late concurrent TRT (RR=1.01, 95% CI: 0.86-1.18, P=0.90) (Fig. 1) . Similar results were observed for 1-, 2-, 3-and 5-year survival rates between early and late concurrent TRT (RR=1.06, 95% CI: 0. (20) were analyzed.
Adverse events. The incidence of grade 3-4 adverse events, such as anemia, leukopenia, neutropenia, thrombocytopenia, nausea and vomiting, infection, esophageal toxicity, pulmonary toxicity, alopecia and hemorrhage, was higher with early compared to that with late concurrent TRT (RR=1.21, 95% CI: 1.03-1.43, P=0.02) (Fig. 6 ). There were no significant differences for each grade 3-4 adverse event, such as anemia, leukopenia and neutropenia (Fig. 6 ).
Discussion
EP and EC are the standard first-line chemotherapeutic regimens for SCLC. IP or IC may also be used as first-line chemotherapy for ED SCLC, but not for LD SCLC (8, 25) . The addition of TRT has improved the survival of LD SCLC patients. It was previously demonstrated that TRT combined with EP is more effective for LD SCLC compared to radiotherapy and the hematological toxicity was more severe in the concurrent arm (14) . Concurrent chemoradiotherapy is preferable to sequential therapy in patients with SCLC with a good performance status. The preliminary results indicated that irradiated postchemotherapy tumor extent and omitted elective nodal irradiation did not decrease locoregional control in the study arm compared to the control arm with prechemotherapy tumor extent and the overall survival difference was not statistically significant between the two arms (26) . Over two-thirds of patients who succumbed to lung cancer in the United States are aged >65 years (27) . Elderly patients tolerate concurrent TRT poorly and toxicity must be considered for concurrent TRT in LD SCLC. It is important for LD SCLC patients to decrease the toxicity of concurrent TRT in order to complete the treatment schedule. Previous meta-analyses suggested that patients with LD SCLC may benefit from early TRT, with a significant difference if the overall treatment time of TRT is <30 days (17, (28) (29) (30) ; however, the chemotherapy regimens in some clinical trials in those articles were not EP̸EC. One trial demonstrated that TRT (52.5 Gy, once daily) initiated with the third cycle of chemotherapy resulted in survival outcomes and complete response rates comparable to those of TRT initiated with the first cycle of chemotherapy, with a lower frequency of febrile neutropenia (16) .
In this meta-analysis, we demonstrated that there were no significant differences between early and late concurrent TRT regarding the 1-, 2-, 3-and 5-year survival rates and objective response rate, whereas the overall incidence of grade 3-4 adverse events was lower with late concurrent TRT. Elderly patients or patients with co-existing diseases should be treated with extra caution. Early concurrent TRT may result in enlarged irradiation fields, due to initial planning for bulky tumors. The balance between therapeutic effects and treatment-related toxicities should also be considered. Decreasing toxicity lowers the overall treatment cost and saves on medical resources. In order to deliver adequate radiation doses to the tumor, while respecting normal tissue dose constraints, the use of advanced technologies, including image-guided radiation therapy (IGRT), intensity-modulated radiation therapy (IMR T)̸volumetric-modulated arc therapy (VMAT), four-dimensional (4-D) CT and̸or PET-CT, is considered appropriate. Modern radiotherapy, including accurate target definition and conformal radiotherapy planning, may help maximize tumor control and minimize treatment-related toxicity.
In conclusion, we demonstrated that late concurrent TRT with EP̸EC chemotherapy is suitable for LD SCLC patients, particularly elderly patients or those with bulky tumors. However, further studies on concurrent TRT with EP̸EC chemotherapy for LD SCLC are required in order to increase overall survival rates and decrease treatment-related toxicity.
